The study aimed to show the changes on artrokinematic parameters of the neck and swallowing function after radiotherapy (RT) in head and neck cancer (HNC) patients. The fourty patients with HNC have been evaluated before, 1 and 3 months after RT. The posture, normal joint movement, muscle strength and endurance of the neck were evaluated as artrokinematic parameters. The clinical and radiological swallowing function evaluations were also done. Mean age of patients were 53,22±10,92 years. Head anterior tilt, kyphosis and shoulder protraction were more in the 3rd month after RT in posture analysis (p< 0.001). The neck flexion, lateral flexion and rotation limitations have increased (p< 0.001), neck muscle strength and endurance have gradually decreased (p< 0,001) after RT. At the same time, swallowing phases have been adversely affected after RT with all these side effects (p< 0.001) and the severity of aspiration in all consistencies has increased gradually (p< 0.05). As a result, RT starts to show its negative effects from the early period of cancer treatment. Unlike other studies, we concluded that RT affects head and neck structures negatively and these describes how RT affects swallowing function. So it is highly important to include head and neck structure mobility, strength and endurance assessments and exercises in swallowing rehabilitation.
INTRODUCTION
The treatment types of the head and neck cancers (HNC) will be surgical removal of the tumor, radiotherapy (RT), chemotherapy (CT) or a combination of these procedures. Various degrees of dysphagia may occur during and after diagnosis and treatment. 1 The relationship between structures involved in swallowing function is impaired greatly after treatment in HNC patients. Surgical removal results in a lot of swallowing problems due to lack of anatomical structures. Changes in the muscle tissue after RT occur and continue for a long time. 2 These changes result in loss of normal muscle cells and it leads to stiffen soft tissue and decrease in muscle strength. 3 The effects of RT on mobility and strength of oropharyngeal structures were demonstrated in previous studies. [4] [5] [6] [7] [8] [9] [10] Optimal rehabilitation programme includes not only oropharyngeal exercises which are focus on oropharyngeal mobility and strength but also neck mobility and strengthening exercises. Although we know the importance of head and neck structures mobility and strength in swallowing rehabilitation, there is no study to evaluate the artrokinematic characteristics of head and neck like posture, range of motion, strength and endurance after RT. So we tried to show the effects of these artrokinematic parameters on swallowing function by including them to swallowing evaluation.
RT may affect the artrokinematic characteristics of head and neck, and this may have severely negative effects on swallowing. Based on this idea, we aimed to show the changes on artrokinematic parametres of the neck and swallowing function after RT.
PATIENTS AND METHODS
The study included 45 individuals with HNC patients who had RT plan. Patients were evaluated before, 1 and 3 months after RT. Median age of patients was 56 (min: 20, max: 65) years. There were 33 males (82.5%) and 7 females (17.5%).
Patients who had swallowing problems due to other medical reasons and received RT before were not included in the study.
The study was approved by the Ethics in Research Committee of our institution.
Demographic and clinical information of patients which were obtained from them and their hospital records were noted. The information about patients included their age, gender, height, weight and diagnosis. The localization, degree, stage and pathology of tumor were also taken. And their treatment information which included the presence of surgery and CT, duration and field of RT were noted.
Observarvational posture analysis, especially including vertebral column, head and neck was performed in standing position. Head anterior tilt, cervical flattening, kyphosis, protraction and height of the shoulders were examined in anterior and lateral planes. Postural changes were scored between 0-3. (0: normal, 1: mild deviation, 2: moderate deviation, 3: severe deviation). Normal range of motion (ROM), muscle strength and endurance of neck were also recorded. ROM measurements were taken in the direction of flexion, extention, lateral flexions and rotations with goniometer while patients were sitting upright on chair. Neck flexion in supine position, extention in prone position and lateral flexion in side lying position were measured with dynamometer (Lafayette MMT, Model 01160). Endurance assessment can be defined as how many times patients can do neck flexion, extension and lateral flexion in one minute period.
Clinical and radiological swallowing assessments were done. 11 In clinical assessment, Swallowing Ability and Functional Evaluation (SAFE) was used. Its parameters are physical oromotor functions, oral and pharyngeal phase assessments. Swallowing was graded normal, mild, moderate and severe impairment in each parameters. In radiological assessment, videofluoroscopic swallowing evaluation(VFSE) were done with three consistency of food (liquid-pudding-biscuit). In statistical analysis, we used 5 ml volume of each consistencies which provide to monitor swallowing physiology more effective. 12 Oral, pharyngeal and esophageal swallowing physiologies and residue after swallowing were evaluted with VFSE. Some subparameters like tongue retraxion, delay in triggering the swallowing reflex, hyolaryngeal elevation, airway closure, aspiration, esophageal motility disorder were also assessed. Each parameters were scored between 0-3 (0: normal, 1: mild impairment, 2: moderate impairment, 3: severe impairment). In residue scoring, 0 was used for no residue, 1 was mild, 2 was moderate and 3 was severe residue. Penetration-Aspiration Scale (P-AS) was used for determining the penetration aspiration severity.
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Statistical Analysis
Statistical analyses were performed using the SPSS software version 15. The variables were investigated using the visual (histograms, probability plots) and analytical methods (Kolmogorov-Simirnov/Shapiro-Wilk's test) to determine whether or not they are normally distributed. Descriptive analyses were presented using medians and interquartile range (IQR) fort he non-normally distributed and ordinal variables. Friedman tests were conducted to test whether there is a significant change. The Wilcoxon test was performed to test the significance of pairwise differencesto adjust for multipl comparisons. An overall 5% type-I error level was used to infer statistical significance.
RESULTS
The study included 45 HNC patients, of whom 1 was exitus, 2 did not completed their treatment and 2 did not come their controls. So the study was completed with 40 patients.
Median age of patients was 56 (min: 20, max: 65) years. There were 33 males (82.5%) and 7 females (17.5%). Table 1 summarizes tumor characteristics.
All cases underwent RT, of whom 33 (82.5%) received concomitant chemoterapy and radiotherapy. Two (5%) patients underwent surgery for primary tumor, 24 (60%) underwent surgery for primary tumor with neck dissection and 14 (35%) had no surgery.
RT was delivered to primary tumor and/or all lymphatics. All cases received RT to primary tumor site. Beside the primary site, 27 patients received additional RT to right neck, 26 to left neck and 28 to supraclavicular fossa. Median daily dose was 180 cGy (min: 180, max: 230). Median RT dose to primary tumor site was 6000 cGy (min: 5580, max: 7020), to neck field was 5400 cGy (min: 5000, max: 6000). And dose was increased up to 7000 cGy if there was lymp node involvement. In clinical swallowing evaluation, physical oromotor functions, oral and pharyngeal phase of SAFE were gradually worsened towards the third month(p< 0,001). SAFE scores before, 1 and 3 months after RT were shown at Figure 2 .
VFSE results also supported these findings. Oral, pharyngeal, esophageal phase impairments, amount of residue and total swallowing impairment score were all increased (p< 0,001). Tongue retraxion, delay in triggering swallowing reflex, hyolaryngeal elevation, esophageal motility disorder, airway closure in liquids and pudding consistencies were gradually worsened towards the third month (p< 0,001). In parallel with these results, aspiration severity in liquids, pudding and biscuit consistencies increased after RT (p< 0,05). Distribution of patients according to aspiration status was summarized in Table 2 .
Aspiration severity in liquids and pudding consistencies according to P-AS were gradually increased after RT (p< 0,001). There was no difference between 1 and 3 months after RT(p> 0,05), but there is an increase in aspiration severity in direction to 1 and 3 months after RT than before RT in biscuit consistencies (p< 0,001).
Head anterior tilt and kyphosis were gradually increased after RT (p< 0,001). There was no difference between 1 and 3 months after RT(p> 0,05), but there is an increase in shoulder protraxion in direction to 1 and 3 months after RT than before RT (p< 0,001). There was no significant difference in cervical lordosis and shoulder height before, 1 and 3 months after RT (p> 0,05).
Changes in ROM of neck flexion, lateral flexion and rotation 1 and 3 months after RT were significantly worse when compared to pre-RT status. Neck left lateral flexion and rotation limitation were gradually increased after RT(p< 0,001). There was no difference between 1 and 3 months after RT(p> 0,05), but there is an increase in neck flexion, right lateral flexion and rotation limitation in direction to 1 and 3 months after RT than before RT (p< 0,001).
Neck flexion strength, neck flexion, extention and lateral flexion endurances were gradually decreased after RT (p< 0,001) ( Table 3) . 
DISCUSSION
Our study showed that swallowing function of HNC patients was affected negatively after RT in early period. The aspiration severity was gradually increased. Artrokinematic parameters were also affected negatively. Postural changes in head anterior tilt, kyphosis and shoulder protraxion were increased. Neck flexion, lateral flexion and rotation limitations were increased while neck flexion strength, neck flexion, extension and lateral flexion endurances were decreased.
Oral and pharyngeal swallowing disorders were demonstrated after RT in HNC patients in many studies. 2, 9, [14] [15] [16] [17] Decreased tongue mobility and strength, impairment in bolus preparation and transport, increased oral residue were described as oral phase disorders. 15, 18, 19 Delayed triggering swallowing reflex, impairment in velopharyngeal closure, decreased tongue base retraxion, pharyngeal contraction, hyolaryngeal elevation, airway closure, upper esophageal sphincter (UOS) opening and increased residue in tongue base, vallecula, pharynx and pyriform sinus were determined as phryngeal disorders after RT. 3, 14, 15, [20] [21] [22] [23] In a study, decreased tongue base retraxion and hyolaryngeal elevation 1 month after CRT, delayed triggering swallowing reflex, impairment in airway closure 3 months after CRT, decreased UOS opening 6 and 12 months after CRT were found. They stated that these results related to decreased oral intake. 24 Our results support the literature. In our study, tongue base retraxion, hyolaryngeal elevation decreased, delayed triggering swallowing reflex and residue increased. So severity of oral, pharyngeal and esophageal swallowing disorders were gradually increased after RT.
In VFSE, we determined that airway closure were gradually worsened and aspiration severity increased after RT. Aspiration rates before, 1 and 3 months after RT is respectively, 5%, 20%, 22,5% in liquids, 0%, 17,5%, 17,5% in puding and biscuit (8) . In another study of 64 patients who received CRT, when aspiration rate was 17% before treatment, it increased to 59% 2 months (1-10 month) after treatment. 25 It is clear that aspiration severity increases with abnormalities in oropharyngeal structures. These abnormalities of anatomical structures due to RT/CRT can be reduced by reorganization the treatment modalities. But it is not always possible. So HNC patients should be regularly followed for the aspiration risk from the period prior to RT.
VFSE is described as the gold standard in swallowing evaluation in studies. 26 After swallowing evaluation, exercise programmes which focus on neck mobility and strengthening are used. Although we know the importance of head and neck structures mobility and strength in swallowing rehabilitation, classical swallowing evaluations do not include posture analysis, ROM, strength and endurance assessments. So we tried to emphasize the effects of these artrokinematic parameters on swallowing function by including them to swallowing evaluation. In posture analysis, head anterior tilt and kyphosis were gradually increased after RT. There was no difference between 1 and 3 months after RT, but there is an increase in shoulder protraxion in direction to 1 and 3 months after RT than before RT. Postural changes were thought to occur due to decreased mobility, strength and endurance of the region or the patients efforts to protect the region during the disease period. Protective behaviour of patients when they come for evaluation after RT supported this hypothesis. ROM, muscle strength and endurance of neck also adversely affected. Neck left lateral flexion and rotation limitation were gradually increased after RT. There was no difference between 1 and 3 months after RT, but there is an increase in neck flexion, right lateral felxion and rotation limitation in direction to 1 and 3 months after RT than before RT. Neck flexion strength, neck flexion, extention and lateral flexion endurances were gradually decreased after RT. Thus, changes in neck posture, , range of motion, muscle strength and endurance after RT was found unlike other studies. We think that these dramatic changes have a significant impact on swallowing function. And postural changes and loss of strength also causes pain and excessive effort during activity. So neck ROM, strength and endurance assessments should be done before, during and after RT. This provide us to prevent negative effects of RT from the early period. Physiotherapy methods are very important to cope with these negative side effects.
Further studies with more patients or long follow up may be planned. New groups may be created according to diagnosis and RT doses. And how swallowing function and neck region will be affected can be described. Changes in long term can also be determined.
These results demonstrated that RT affects swallowing function negatively in early period. In addition, artrokinematic parameters of neck are also worsened after RT. If problems do not handle in early period, more problems may occur in the future. So if it is possible, swallowing assessments which include the assessments of head and neck artrokinematic parameters should be done before RT and possible impairments can be determined and prevented. We concluded that an important development in swallowing ability, nutritional status and also life quality of the patients with early intervention can be provided.
